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Abstract 
This study uses the structural equation modeling (SEM) to reflect the pedestrians’ perception that affects the level of service of 
the integrated transport hubs (ITHs). Firstly, the passengers’ satisfaction survey is designed, according to their perception, to 
investigate its main influencing factors at North Avenue station, Xi'an, China. Secondly, based on the SEM, the level of service 
of the ITH is quantified in accordance with pedestrians’ safety demand, comfort demand, convenience demand and service 
demand. The interactions between pedestrians’ perception and their relationship with ITHs are considered in the model. Results 
show that, the expected path coefficient of passengers is 0.9200 at the studied site, and the satisfaction path coefficients of 
passengers is 0.7120, which is 77.39% fit with expectations. The path coefficients are all below 0.6000 and the value of 
convenience perception is only 0.2997, which are at a low level. This article provides a theoretical basis and reference for the 
optimal design of the ITHs and the full play of the service function. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
As the rapid progress of the integrated transportation hubs (hereinafter referred to as "ITHs") construction, its 
level of service increasingly attracts the attention of transportation authorities, railway industries and the public 
transportation systems [1-3]. To date, a great deal of research on pedestrians' perception of the ITHs has been done 
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worldwide [4, 5]. The primary methods to evaluate the level of service of the ITH include fuzzy evaluation method, 
TOPSIS method, and semi-quantitative method [6, 7]. Both subjective indexes from pedestrian and objective 
indexes from infrastructure are concerned in the establishment of the evaluation index system. By contrast, details 
on service quality model and individual attitude are discussed in later research [8-10], which all based on 
satisfaction survey data. Generally, the level of service of the ITH is ranked according to Transit Capacity and 
Quantity of Service Manual (TCQSM, 2nd Edition) [11] or Highway Capacity Manual 2010 [12]. While they 
provide guidelines in the evaluation and improvement of level of service of the ITH, it does not shed much light on 
characterizing the pedestrians’ perception, quantifying the level of service process, and investigating the interaction 
between subjective perception elements and different ITHs. 
The objective of this research is threefold. Firstly, questionnaire is designed to investigate the key factors to the 
pedestrians’ perception, which as input of the structure equation model (SEM). Secondly, based on the SEM results, 
the level of service of the ITH is quantified according to pedestrians’ safety demand, comfortable demand, 
convenience demand and service demand. Lastly, the interaction between different perception and ITHs are 
explored to fully characterize the function of the ITH and provide reference for its optimal design. 
2. Data Survey 
2.1. Data collection 
We take the ITH at North Avenue in Xi'an, China as study site. Four pedestrian demands of the ITH are used to 
represent the degree of pedestrians’ satisfactions, which are safety demand, comfort demand, convenience demand 
and service demand. The questionnaire is designed as shown in Table1. 
Table 1. Elements of questionnaire survey. 
Items 
Satisfaction degree * 
Passenger Demands 
1 3 5 7 10 
Operation safety of metro      
Safety perception,that is, reflects the 
passengers' security requirements Order of on and off the metro      
Security door      
Start braking stability      
Comfortable perception, that is, reflects the 
passenger's comfort requirements 
The crowding degree of metro      
Environmental comfort of metro      
Environmental comfort of carriage      
Convenience of transferring      
Convenient perception, that is, reflects the 
passengers' convenience requirements Operating speed of metro      
Punctuality rate of metro      
Service attitude      
Service perception, that is, reflects 
passenger’s service requirements 
Clarity of guidelines      
Processing of complaints      
Ticket service      
Information consultant      
Service quality of passenger’s expectations Service spirit      
Metro time interval      
Security guarantee satisfaction      
Service quality of passenger’s perception Metro operation satisfaction      
Service environment satisfaction      
*Note: In the column, 1 represents very dissatisfied; 10 represents very satisfied, and others between them. 
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2.2. Data processing and verification 
Simple random sampling method is used to determine the survey sample size. It is not surprising that the result 
shows the larger sample size the more accuracy. Generally speaking, a moderate size should include at least 200 
samples [13]. Therefore, 400 questionnaires are handed out and 358 are returned, from which 300 are identified as 
valid questionnaires. 
There are two kinds of errors in the questionnaire survey. The first one is measurement error, also known as 
random error, which takes place in the process of survey; the second one is system error, which is caused by the 
structural quality of the questionnaire design. Measurement error would cause reliability problems, while system 
error would cause validity problems. In order to effectively process the data, remarkable attention is paid on 
Cronbach’s coefficient Į, which is created by Cronbach [14] in 1951 and used to evaluate the internal consistency of 
the questionnaire. The value of Į is between 0 and 1. A higher Į means a higher reliability and better internal 
consistency of the questionnaire. The computation formula of Į is calculated as Eq. (1). 
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Where, n is the questionnaire number; Si is the single variance; SX is the whole variance; Į < 0.35, 0.35 < Į < 
0.70, and Į > 0.70 corresponds to low reliability, moderate reliability, and high reliability, respectively. Generally, Į 
 0.8 indicates the valid of the questionnaire design. 
In the questionnaire survey, the Cronbach's Į is 0.979, which indicates that the questionnaire reliability is good. 
Data processing results are shown in Table 2. 
3. Modeling of Pedestrians’ Perception 
The pedestrian behaviors take place by the influences of environment, psychology and social behavior [15, 16]. 
Pedestrians’ perception is a complicated process that real-time information is continuously involved from the 
external environment [17, 18]. The pedestrians’ perception includes many influence factors, such as the quality of 
air, the level of noise, congestion degree, the reverse flow conflict, and the degree of illumination, the statue of 
facilities, the visibility, and the introduction information. The level of service could be reflected by the perspective 
of pedestrians’ perception, according to the analysis of survey data. 
3.1. Development of Structure Equation Modeling 
Structure Equation Modeling (SEM) is a modeling technology, which can deal with both endogenous and 
exogenous variables. It also can model latent variables, especially with linear combination [19-21]. SEM is a 
covariance structure analysis method consists of measurement model and structural model [19, 22]. It has great 
advantage in the analysis of the interaction between single index and the influence of the single index to the entirety. 
The effect is similar to the linear regression, path analysis, factor analysis, and logic analysis and so forth. The SEM 
is widely used in social science, econometrics and biologist [23]. 
x Structure Model Formulation 
In urban railroad transportation service system, the passenger’s expectation value, denotes as ȟ1, is an exogenous 
latent variable which is independent from other variables. The satisfaction degree, denotes as Ș5, is an endogenous 
latent variable which is a function of safety perception Ș1, comfortable perception Ș2, convenience perception Ș3, 
and service perception Ș4 individually during the trip. These four perceptions (Ș1 – Ș4) are all endogenous latent 
variables, as they are inevitably affected by passenger’s expectation and/or satisfaction. 
Next, 7 null hypotheses are established, which are: 1) H1 and ȟ1 have positive effects on Ș5; 2) H2 and ȟ1 have 
positive effects on Ș1; 3) H3 and ȟ1 have positive effects on Ș2; 4) H4 and Ș1 have positive effects on Ș2; 5) H5 and 
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Ș1 have positive effects on Ș5; 6) H6 and Ș2 have positive effects on Ș5; and 7) H7 and Ș4 have negative effects on 
Ș3. The alternative hypotheses are the opposite of the corresponding null hypotheses, respectively. Figure 1 shows 
the SEM according to the 7 hypotheses. 
Table 2. .Results of the survey. 
Items 
Service quality of passenger’s 
expectations  
Service quality of passenger’s 
perception 
significant 
difference 
Measured value Mean value  Measured value Mean value P 
Operation safety of metro 8-10 9.03±0.97  9-10 8.98±0.39 ˘0.001 
Order of on and off the metro 6-10 8.26±1.14  1-7 3.28±1.58 ˘0.001 
Security door 8-10 9.86±0.13  6-10 8.96±1.04 ˘0.001 
Start braking stability 5-10 8.98±1.02  1-10 7.03±1.03 ˘0.001 
The crowding degree of metro 5-10 8.62±1.38  1-10 3.03±1.64 ˘0.001 
Environmental comfort of metro 6-10 9.21±0.90  5-10 9.01±1.90 ˘0.001 
Environmental comfort of carriage 6-10 9.54±0.67  5-10 9.27±0.38 ˘0.001 
Convenience of transferring 5-10 8.03±0.97  1-10 4.03±1.25 ˘0.001 
Operating speed of metro 7-10 9.11±0.57  1-10 8.59±0.65 ˘0.001 
Punctuality rate of metro 9-10 9.42±0.58  8-10 8.24±1.05 ˘0.001 
Service attitude 5-10 9.24±1.08  1-10 5.41±1.29 ˘0.001 
Clarity of guidelines 5-10 8.36±0.77  1-10 4.38±1.24 ˘0.001 
Processing of complaints 5-10 9.18±0.94  1-10 5.15±0.38 ˘0.001 
Ticket service 5-10 9.77±1.35  5-10 9.74±0.67 ˘0.001 
Information consultant 5-10 9.43±1.01  1-10 9.36±0.85 ˘0.001 
Service spirit 6-10 9.01±1.12  1-10 9.32±1.09 ˘0.001 
Metro time interval 7-10 9.33±1.24  1-10 9.03±1.10 ˘0.001 
Security guarantee satisfaction 8-10 9.68±1.07  5-10 9.28±1.26 ˘0.001 
Metro operation satisfaction 5-10 9.56±1.14  5-10 9.84±1.27 ˘0.001 
Service environment satisfaction 5-10 9.43±0.27  5-10 9.24±1.28 ˘0.001 
 
 
Fig. 1. Structural equation in SEM. 
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x Measurement Model Formulation 
The mean of the measurement model indicates the relationship between fixed latent variables *** and measurable 
variation *** in Fig.2. Through the path from ȟ1 to Ș1, the measurement model could be established. 
 
Fig. 2. Measurement equation in SEM. 
x SEM Establishment 
The final SEM could be established by integrating the structure model and the measurement model. Fig.3 shows 
the structure of the SEM, from which the relationships among the latent variables parametric variables, 
nonparametric variables and their interactions can be determined. 
 
Fig. 3. The diagram of the final SEM. 
According to the diagram in Fig.3, the SEM is expressed in Equations (2) and (3). 
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Where, 
iK         the endogenous latent variable, such as safety, comfortable, convenient and service perception of 
passenger in travel in urban railroad transportation system, i =1, 2, …, 5;  
ijE        the path coefficient from endogenous j to i; 
ijJ        the path coefficient form exogenous j to i; 
ȟ1         an exogenous latent variable of the model, which is the expectation of passenger for the service 
from the hub before travel, ȟ = [ ȟ1]. 
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3.2. Model Fitting 
x  Model Determination 
Whether the SEM could be determined or not depends on the number of parameters that need to be fit and the 
data that could be collected. The t-criterion can be used to identify the model, as defined by Inequation (4). 
)]1)((
2
1[ d qpqpt                       
 
(4) 
Where, 
t              the number of estimate parameters; 
p              the number of endogenous measurable variables; 
q              the number of exogenous measurable variables. 
As In the final SEM, p = 17, q = 3, so (1/2) (p+q) (p+q+1) = 210, which is greater than the number of parameters 
that to be estimated (t = 31). Therefore, according to the t-criterion, the final SEM can be determined. 
x Parameter Estimation 
The basic theory that the parameters of SEM are estimated is shown in Eq. (5). 
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( )T ¦ ¦                              (5)
Where,  is the matrix that indicates the integral variance/covariance of the observed variable Y and X. SEM 
assumes that  is a function of ș, thus (ș) is the matrix that indicates the estimated variance/covariance, i.e., 
variance/covariance latent matrix. The essence of parameter estimation and model fitting is to find a set of ș so as to 
get the minimum residual error, i.e., min (-(ș)).  
As both  and (ș) are unknown in SEM analysis, so ( )S T

¦  and S

¦ are used to estimate the residual 
error. Where, S  is the sample variance/covariance matrix, 

¦ is the sample latent variance/covariance matrix, 
and T

 is the parameter estimation from the model. The maximum likelihood function is used for parameter 
estimation, as shown in Eq. (6). 
1ln | | ln | | ( ) ( )MLF S tr S p q

    ¦ ¦                (6) 
Where, 
FML                        maximum likelihood function for estimating the minimum difference between S and

¦ ; 
p+q               the number of observed variables in model; 
1( )tr S

¦         the trace of a matrix [S-1(ș)], which is the sum of diagnose elements of the matrix. 
3.3. Model Evaluation 
x  Parameter Significance Test 
For the evaluation of SEM, t test is used to examine the significance of the parameters, i.e., H0: ș=0 where, ș is 
the parameter to be estimated. With 5% significance level, if | t | > 2, H0 will be rejected, thus the parameter is 
significantly not equal to 0, which should be included in the model; otherwise, if it fails to reject H0, the parameter 
can be removed from the model. By this way, the significant parameters are selected and used in model modification 
to determine the final model. 
With 2-way parameters, data from 300 questionnaires is analyzed by AMOS 17.0. Results of the path coefficient 
between two latent variables and its evaluation are shown in Table 3. 
In AMOS 17.0, C.R. is a statistic parameter for the test of significance. 
P is the associated probability, which indicate the path coefficient is significant with 5% level. As is shown in 
Table 3, the coefficient of path through ȟ1 to Ș2, the p-value 0.067 is greater than 0.05, fail to reject the null 
hypothesis, which indicates the coefficient is statistically insignificant. However, after modification, the coefficient 
of path through ȟ1 to Ș2 is tested as significant (p-value is 0.011), which indicates the path through ȟ1 to Ș2 is 
effective. 
x  Integral Evaluation 
SEM assumes that the null hypothesis  =  (ș) is satisfied before the model fitting, which means the residual 
between the fitted model and the observed data should be statistically equal to 0, or, H0: - S = 0. The null 
hypothesis will be rejected when a certain statistic falls into its rejection region. While many statistic index can be 
used to evaluate the difference between  and S, they are generally divided into 3 categories, namely, the absolute 
fit index, the relative fit index and the information index. And in each category, there are various fit indexes and 
evaluation criterions. Table 4 shows some of the statistic index that AMOS 17.0 calculated. It should be noted that if 
the statistic index is below its threshold, the model should be modified.  
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Table 3. Path coefficient estimates (original and estimates) 
Path 
Before modification After modification 
Estimate S.E. C.R. P Estimate S.E. C.R. P 
Ș1 <--- ȟ1 0.418  0.019  21.664  *** 0.417  0.019  22.028  *** 
Ș2 <--- ȟ1 -0.200  0.109  -1.834  0.067  -0.187  0.074  -2.532  0.011 
Ș2 <--- Ș1 1.677  0.249  6.741  *** 1.649  0.175  9.443  *** 
Ș5 <--- ȟ1 0.404  0.110  3.670  *** 0.418  0.058  7.205  *** 
Ș5 <--- Ș1 1.611  0.473  3.404  *** 1.541  0.144  10.712  *** 
Ș5 <--- Ș2 -0.031  0.201  -0.155  0.877  - - - - 
Ș4 <--- Ș5 0.786  0.023  34.449  *** 0.786  0.023  34.462  *** 
Ș3 <--- Ș4 -0.397  0.103  -3.846  *** -0.399  0.102  -3.897  *** 
Ș3 <--- Ș5 0.809  0.084  9.629  *** 0.811  0.083  9.734  *** 
y1 <--- Ș1 1.000  - - - 1.000  - - - 
y2 <--- Ș1 2.086  0.090  23.213  *** 2.090  0.086  24.342  *** 
y6 <--- Ș2 1.000  - - - 1.000  - - - 
y5 <--- Ș2 1.372  0.044  31.135  *** 1.372  0.044  31.134  *** 
y4 <--- Ș2 1.073  0.020  53.983  *** 1.073  0.020  53.992  *** 
y8 <--- Ș3 1.000  - - - 1.000  -   
y9 <--- Ș3 0.896  0.053  17.050  *** 0.896  0.052  17.066  *** 
y10 <--- Ș3 0.428  0.070  6.131  *** 0.428  0.070  6.136  *** 
y12 <--- Ș4 1.048  0.027  39.111  *** 1.048  0.027  39.110  *** 
y11 <--- Ș4 1.000  - - - 1.000  - - - 
y14 <--- Ș4 0.620  0.024  25.521  *** 0.621  0.024  25.537  *** 
y3 <--- Ș1 1.100  0.064  17.070  *** 1.103  0.062  17.833  *** 
y13 <--- Ș4 1.014  0.024  41.483  *** 1.014  0.024  41.481  *** 
x1 <--- ȟ1 1.000  - - - 1.000  - - - 
x2 <--- ȟ1 0.520  0.020  26.413  *** 0.520  0.020  26.415  *** 
x3 <--- ȟ1 0.215  0.015  14.009  *** 0.215  0.015  14.008  *** 
y7 <--- Ș2 1.013  0.016  64.950  *** 1.013  0.016  64.983  *** 
y16 <--- Ș5 0.432  0.019  22.349  *** 0.432  0.019  22.342  *** 
y17 <--- Ș5 1.000  - - - 1.000  - - - 
y15 <--- Ș5 0.484  0.018  26.677  *** 0.484  0.018  26.693  *** 
3.4. Model Modification and Results 
Before modification of the model (Table 4), the statistic indexes barely reach the corresponding threshold. 
However, as an example, the model is modified by remove path ȕ52 between Ș2 and Ș5 from the original model. The 
result of the model before and after modification in this example is shown in Table 4. 
As is shown in Table 4, the statistic indexes before and after modification of the model is of little difference. 
Although a slight increase in chi-square statistic and decrease in AIC and CAIC statistics is caused by the removal 
of one free parameter, the result tends to be more ideal. According to the parameter estimation shown in Fig.4 and 
the formula (4) ~ (5), the calculated result of each path coefficient is shown in Table 5. 
Note: 
1) Safety perception: Ș1 = Ȗ11+ȟ1+ȗ1 = 0.42 × 0.92 + 0.02 = 0.4064 
2) Comfortable perception: Ș2 = Ș1ȕ21+Ȗ21ȟ1+ȗ2 = 0.4064 × 1.65+0.92× (-0.19) +0.04 = 0.5358 
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3) Convenience perception: Ș3 = Ș5ȕ35+Ș4ȕ34+ȗ3 = 0.712 × 0.81+0.5925 × (-0.4) +(-0.04) = 0.2997 
4) Service perception: Ș4 = Ș5ȕ45 + ȗ4 = 0.712 × 0.79+0.03=0.5925 
5) Satisfaction degree: Ș5 = Ș1ȕ51 + Ȗ51ȟ1 + Ș2ȕ52 + ȗ5 = 1.54 × (0.42 × 0.92 + 0.02) + 0.42 × 0.92 + 0 + (-0.30) = 
0.7120, as there is no path relationship between Ș2 and Ș5, Ș2ȕ52 = 0 
Table 4 . Model Fit Indexes. 
Index Criterion Tab.4 Before modification After modification Evaluation 
Absolute fitting 
index 
Chi-square The smaller the more ideal 4333.368 4333.395 Significant 
GFI Greater than 0.900 0.379 0.379 — 
RMR Less than 0.050, the smaller the more ideal 0.036 0.036 — 
SRMR Less than 0.050, the smaller the more ideal — — — 
RMSEA Less than 0.050, the smaller the more ideal 0.294 0.293 Significant 
Relative fitting 
index 
NFI Greater than 0.900, the closer to 1 the more ideal 0.675 0.675 — 
TLI Greater than 0.900, the closer to 1 the more ideal 0.625 0.628 Significant 
CFI Greater than 0.900, the closer to 1 the more ideal 0.682 0.682 — 
Information 
index 
AIC The smaller the more ideal 4431.368 4429.395 Significant 
CAIC The smaller the more ideal 4661.854 4655.176 Significant 
Table 5 .The parameter estimation in SEM. 
Index ȟ1 Ș1 Ș2 Ș3 Ș4 Ș5 
Path coefficient 0.9200 0.4064 0.5358 0.2997 0.5925 0.7120 
4. Conclusions 
Firstly, coefficients of passenger expectation and satisfaction 
According to parameter estimation of SEM in Table 5, the coefficient of passenger expectation (ȟ1) is 0.9200, the 
coefficient of passenger satisfaction (Ș5) is 0.7120. The result indicates that there is a large gap between passenger 
satisfaction and expectation with a match of 77.39%. The service level of ITH at North Avenue in Xi'an has yet to 
be improved. 
Secondly, the path coefficient grading 
Parameter estimation of structure function model in Table 5 shows that service perception (Ș4) > comfortable 
perception (Ș2) > safety perception (Ș1) > convenience perception (Ș3). All the path coefficients of the ITH at  
North Avenue in Xi'an are less than 0.6000, which is at a low level, especially the coefficient of the convenience 
index is only 0.2997. One reason is that there is a defect in the design of the platform in this new opening line that 
line1 uses side platform while line 2 uses island platform. Such design would cause inconvenience to those transfer 
passengers between line1 and line 2. As the design capacity of the ITH at North Avenue in Xi'an is relatively low, it 
can hardly reach the traffic demands during rush hours. 
Thirdly, improving measurements for the service quality  
Many measurements can be applied to improve the service quality. For safety expectation, more attention can be 
paid to the order in transfer ITHs, especially in rush hours; for comfortable expectation, measurements such as 
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increasing the frequency of trains can be adopted to improve the crowded statue; for convenience expectation, 
channel between line1 and line2 can be redesigned and reconstructed; and for service expectation, the improvements 
can focus on the quality of staffs and their awareness of service in the transfer ITHs. In addition, resolving 
passengers’ complaints timely and optimize the guidance and signboard in the ITHs can also help to satisfy 
passengers’ service requirements. 
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